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Conclusion: The observed associations provide further evi- 
dence that the trochlear groove plays a role in stabilizing the 
patella throughout knee flexion. This study is limited by the lack 
of a good model for describing tilt and lateral translation patterns. 
While associations have been observed between alignment and 
kinematics, the results show that static alignment does not defini- 
tively predict patterns of movement. This suggests that assess- 
ment of joint kinematics will provide further insight into joint me- 
chanics than assessments of alignment alone. 
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Aims of study: To introduce a new method for measuring joint 
space width (JSW) in knees based on anatomical andmarks 
(LM) and assess whether it offers advantages in the estimation of 
actual cartilage thickness compared to narrowest gap (NG) ap- 
proach. 
Methods: Both knees of 71 subject were examined by radiogra- 
phy and MRI. Seventy-five knees had radiographic presence of 
osteoarthritis (OA) defined by a Kellgren-Lawrence index (KLI) 
_>1. JSW measurements were performed at the NG and a site 
defined by anatomical LM as follows (Fig. 1): First, a baseline 
was drawn by connecting the medial (M) and lateral (L) edges 
of the tibial plateau disregarding osteophytes. A perpendicular 
line drawn from the highest point of the medial intercondylar emi- 
nence (E) to this baseline defined point C. Measurement of JSW 
was performed at the mid-point between M and C, perpendicu- 
larly to the baseline. Actual cartilage thickness at NG and LM was 
measured by MRI at the coronal slice presenting the largest tib- 
ial plateau width and the highest medial intercondylar eminence. 
The accuracy of NG and LM measurements was expressed as 
percentage of JSW not reflecting cartilage thickness. The dis- 
tance between M to NG divided by the size of the medial plateau 
(MC) express the relative location of the NG (in %). The repro- 
ducibility of measurements in intra- and inter-observer settings 
were also investigated. 
Results: JSWs at NG and LM measured on X-ray and MRI pic- 
tures were in good agreement. This enabled us measuring carti- 
lage estimated by the NG and LM approaches. Accordingly, we 
Fig. 1. Localisation of the measuring site (LM) based on anatomically well- 
defined landmarks. 
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Fig. 2. Direct visualization of articular cartilage in the medial joint compart- 
ment using MRI. The image illustrates the limitation of the narrowest gap 
(NG) compared with the landmark-based approach (LM) in terms of reflect- 
ing true cartilage thickness. 
found that on average 41% of the NG-based and 19% of LM- 
based JSW did not reflect articular cartilage. With relation to the 
KLI, the percentage of JSW not reflecting cartilage was 26-33% 
(grade 0-2), which increased up to 53% in subjects with grade 
3. Corresponding values for grade 0-2 and grade 3 at LM were 
14-19% and 27%, respectively. As indicated in Fig. 2, NG was 
always located medial (21%4-10%) to the midpoint of the medial 
plateau (50%, i.e. LM). Reproducibility of measurements in intra- 
observer (R2= 0.99 vs. R2=0.93) and inter-observer (R2=0.96 vs. 
R2=0.90) settings was notably better with the LM approach. 
Conclusions: These observations point out the limitations of the 
NG approach for quantifying articular cartilage thickness, which 
could be improved by the herein shown LM approach. In partic- 
ular at advanced stages of OA, JSW encapsulate tissues other 
than articular cartilage, which cannot be differentiated on ra- 
diographs. The more medial location of NG draws attention to 
the likely contribution of the meniscus to JSW. Introduction of 
anatomic landmarks to define the site of JSW measurements 
could improve the efficacy monitoring of chondroprotective effects 
of candidate drugs in clinical trials. 
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In a previous placebo-controlled trial in obese women with unilat- 
eral radiographic knee OA, doxycycline reduced joint space width 
assessed by x-radiography by 40% compared to the placebo 
group. It is thought that this effect may be mediated by reducing 
levels of metalloproteinases especially procollagenases and/or 
inhibited mRNA levels of inducible nitric oxide synthetase (iNOS). 
Aim: The aim of this study was to explore the effect of doxycy- 
cline, as a positive control, in the guinea pig model of sponta- 
neous OA assessing longitudinal changes in medial tibial plateau 
cartilage (MTP) volume determined using 3D Magnetic Reso- 
nance Imaging (MRI) and determine if this loss was associated 
with altered metalloproteinase activation in MTP cartilage. 
Methods: Following ethical review and under appropriate li- 
cences, male Dunkin Hartley guinea pigs (9 months old) were 
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dosed using an osmotic mini-pump for 66 days with vehi- 
cle (n=13) or with doxycycline at doses of 0.6 (n=8) and 3.0 
mg/kg/day (n=9). Fat-suppressed 3D gradient-echo MRI of the 
left knee was acquired under anaesthesia pre- and post-dosing 
at 4.7T (Varian, TR=75ms, TE=2.7ms, flip angle=30 °, matrix 
512 × 192 ×96). Change in MTP cartilage volume was determined 
using manual segmentation by a single observer blinded to dose. 
At study termination, MTP cartilage was removed from both 
knees of each animal and frozen at -80°C. MMP activity was 
extracted from the cartilage, (using 0.5M NaCI, 25mM Tris-HCI, 
pH7.5) and proteolytic activity determined with and without APMA 
activation using fluorescent peptide substrate kits (R&D Sys- 
tems). 
Results: The vehicle group animals lost 20.1 4- 2.4% (mean 4- 
sem) of their MTP cartilage volume. The doxycycline (0.6mg/kg/ 
day) group lost 7.5 4- 5.3% (P < 0.05, two-sided t-test) whilst the 
3.0mg/kg/day group lost 11.7 4- 1.4%, (P < 0.02). Endogenous 
levels of active MMPs were below limits of detection. However, 
doxycycline treatment otally ablated APMA activated MMP13 
and MMP8 levels, reduced MMP9 levels by 65%, but had mini- 
mal effect on MMP1 (17% reduction). 
Conclusions: Exposure of guinea pigs at risk of developing OA- 
like cartilage lesions, to doxycycline, resulted in ~50% ameliora- 
tion of MTP cartilage volume loss as compared to vehicle con- 
trols. Protection from cartilage volume loss was associated with 
a complete reduction in MMP13 and MMP8, and a partial reduc- 
tion in MMP9 activity. Since MMP inhibitors are known to be ef- 
fective in this animal model the data supports that doxycycline 
exerts its affect though diminishing of MMP activity. However, the 
disconnect between complete reduction in MMP 13 and 8 activ- 
ity, and partial MTP cartilage loss suggests that additional bio- 
logical/mechanical mechanisms are important in this model. The 
protective ffect of doxycycline on MTP cartilage at risk for lesion 
generation correlates with the clinical data on reduction of joint 
space narrowing in the index knee and strengthens the hypoth- 
esis that MRI may be useful in the clinic for assessing cartilage 
destruction. 
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Objective: For clinical studies, the current golden standard for 
monitoring cartilage thinning during osteoarthritis (OA) is x-ray 
joint gap measurement. We introduce an alternative method for 
automatic quantification of the thickness of articular cartilage 
from magnetic resonance imaging (MRI) of knees. In this study, 
the method is evaluated for inter-scan reproducibility and for abil- 
ity to separate healthy knees from knees with OA. 
Materials and Methods: We studied 114 knee MRI of which 51 
were from healthy knees and 63 from knees showing OA (a score 
of 1 or higher on the Kellgren and Lawrence (KL) index deter- 
mined from x-rays) of which 28 are KL=I. The subjects were 22- 
79 years old with 59% females. Both left and right knees were 
used. The scans were acquired from an Esaote C-Span low-field 
0.18 T scanner performing a Turbo 3D T1 sequence with an aver- 
age sagittal slice thickness of 0.81 mm. We focus on the medial 
compartment of the tibial cartilage. 
An automatic omputer method was designed that performs the 
thickness quantification in two steps. First, the cartilage is seg- 
mented using voxel classification based on supervised learning. 
Secondly, a shape model is fitted to the binary segmentation from 
the first step. Both steps are trained on a set of 25 scans not in- 
cluded in the evaluation set. From the shape model, a thickness 
map is extracted and the mean thickness is computed (which we 
just denote thickness). The computational method is entirely au- 
tomatic. 
Results: We evaluated inter-scan reproducibility of the method 
from 31 scans repeated a week after the first scan. The corre- 
lation coefficient between measurements performed on first and 
second scan is 0.76 (p < 0.0001) (Fig. 1). We also evaluated 
whether the thickness quantification allows separation of OA and 
healthy knees. When normalizing the thickness quantification by 
the width of the tibial plateau, the healthy knees are significantly 
thicker than OA knees - as determined by a t-test giving a p-value 
of 0.0095 (Fig. 2). 
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Conclusion: We demonstrate an automatic method for knee car- 
tilage thickness quantification from MRI. The evaluation shows 
that the quantification is highly reproducible and that the thick- 
ness measure can separate OA from healthy knees. Thereby the 
method may be suitable for monitoring the effects of potential OA 
treatments with respect to preventing cartilage thinning during 
clinical studies. 
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A non-invasive technique, delayed Gadolinium Enhanched Mag- 
netic Resonance Imaging of Cartilage (dGEMRIC), enables us 
